In the last decade, a number of bacterial species were shown to possess the ability to transmit morphological and biochemical characters to deficient strains. Tumor-inducing ability or virulence in crown-gall bacteria is such a biochemical character, and the acquisition of virulence is here taken to be the acquisition by avirulent strains of bacteria of the ability to synthesize a tumor-inducing principle active in a given host (Klein and Tink, 1955 
Since our first paper appeared, a quantitative bioassay for crown-gall tumor formation was developed. This new test system has been used to reinvestigate and to extend various aspects of the transformation of virulence in crown-gall bacteria.
MATERIALS AND METHODS
A number of strains of A. tumefaciens varying in virulence from high through moderate to avirulent were used in this study. Maintenance of cultures, conditions of growth, and the media used were, unless otherwise noted, identical to those previously reported (Klein and Klein, 1953) . The tained from the culture fluid of donor strains of A. tumefaciens grown as shake cultures in modified McIntire's medium (McIntire et al., 1940) for 18 hr at 26 C. The culture was centrifuged at 10,000 X G in a Servall angle-head centrifuge.
The TP-containing supernatant was sterilized by filtration through # 02 and # 03 Selas porcelain filter candles and was usually used without further treatment. Five-ml aliquot portions of this TP were added to 5 ml of synthetic media in 50-ml flasks and were inoculated with 0.1 ml of an 18-hr culture of the test bacteria grown in McIntire's medium. These cultures were incubated for various lengths of time at 26 C. Sterility checks were made at all stages of the work, and the integrity of the filters was demonstrated many times.
At the end of the incubation period, 0.05 ml of the resulting cultures (ca 105 cells) was placed on the freshly cut, cambial-adjacent surface of standardized "strong-reactor" carrot discs (Klein and Tenenbaum, 1955) . Resulting tumors were excised and weighed 15 days after inoculation. Replicates of 8-10 discs gave results significant at the 5 per cent level of confidence. The sensitivity of the carrot bioassay with respect to numbers of virulent bacteria was examined. It was found (table 1) that about 1 x 103 virulent bacteria per disc were required for maimum tumor response. This is true even when 1 X 10l cells constituted as little as 1 per cent of the total inoculum (table 2) (McIntire et al., 1940) containing glutamic acid, and the other (Braun, 1950) containing nitrate, as the sole nitrogen source.
The time relations of transformation were investigated in some detail (table 6 ). In summary, % hr of contact of the TP from donor strain BP with recipient cells was sufficient to give maximal transformation as determined by the virulence of the altered population. Longer periods of contact, up to 72 hr, were no more effective.
The filterable transforming agent for virulence appears to be a deoxyribonucleic acid. DNase-(0.05 mg/ml), free of both RNase and proteinase, completely inactivated the TP (table 7) . Crystalline chymotrypsin (0.05 mg/ml) was without effect on this TP. The TP was stable to heating at 30 C for % hr but was inactivated in the same period of time at 60 C and at 90 C.
DISCUSSION
The transforming principle for virulence in crown-gall bacteria appears, like other transforming principles (Hotchkiss, 1955) , to be a deoxyribonucleic acid. Deoxyribonuclease specifically destroyed the biological activity of isolated DNA (Klein and Klein, 1953) and the transfoig ability of the filterable transforming agent used in this study. Proteinase was without effect. A temperature of 60 C, which does not usually inactivate bacteriophage (Luria, 1953) , and frequently denatures protein, inactivated the transforming principle for virulence. It is very unlikely that the acquisition of virulence by crown-gall bacteria involved a typical bacteriophage-transduction reaction.
The release of DNA into the culture medium of actively growing bacteria does not appear to be a unique property of A. tumefaciens. Borek et al. (1955) have shown that Escherichia coli excreted nucleic acid components into culture medium and, in fact, Weil and Binder (1947) It is of interest to speculate on the genetics of transformation of virulence in crown-gall bacteria. On the basis of our data, it is here postulated that virulence in the bacteria is controlled by multiple loci regulating the synthesis of a tumor-inducing principle effective in a given range of susceptible plants (Klein and Link, 1955) . The relative grade of virulence of the bacteria in a given host is ultimately controlled by multiple alleles at the host range loci. Grades of virulence may represent the quantity or quality of tumorinducing principle synthesized by the bacteria in the host tissues under the influence of substances found in the cell sap. It was shown that additional host ranges may be acquired by transformation reactions without modification of the original host range or grade of virulence (Klein and Klein, 1953 Virulence of an altered population increased to a maximum with successive periods of active growth and could be further boosted by an additional exposure to transforming principle. Over 30 per cent of the isolates of a stabilized, altered population possessed grades of virulence significantly greater than any of the isolates from the unaltered, recipient population. Acqulsition of virulence appeared to be host or host-range specific. It is proposed that virulence is controlled by multiple loci regulating the synthesis of a tumor-inducing principle effective in plants of a given host range. Grades of virulence in a given host-range may ultimately be controlled by multiple alleles at each host range locus.
